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BOOT FOR SLIP YOKE ASSEMBLY IN A
VEHICLE DRIVESHAFT

BACKGROUND OF THE INVENTION

This i1nvention relates 1n general to flexible boots for
protecting objects from contamination from moisture and
dirt. In particular, this invention relates to an 1mproved
structure for such a flexible boot for protectively covering a
joint between two relatively movable, torque transmitting
devices, such as a slip yoke assembly adapted for use 1n a
vehicle drive train assembly.

In most land vehicles 1n use today, a drive train assembly
1s provided for transmitting rotational power from an output
shaft of an engine/transmission assembly to an input shaft of
an axle assembly so as to rotatably drive one or more wheels
of the vehicle. To accomplish this, a typical vehicular drive
train assembly 1ncludes a hollow cylindrical driveshatt tube.
A first universal joint 1s connected between the output shaft
of the engine/transmission assembly and a first end of the
driveshaft tube, while a second universal joint 1s connected
between a second end of the driveshaft tube and the input
shaft of the axle assembly. The universal joints provide a
rotational driving connection from the output shaft of the
engine/transmission assembly through the driveshaft tube to
the 1mput shaft of the axle assembly, while accommodating
a limited amount of angular misalignment between the
rotational axes of these three shafts.

Not only must the drive train assembly accommodate a
limited amount of angular misalignment between the engine/
fransmission assembly and the axle assembly, but 1t must
also typically accommodate a limited amount of axial move-
ment between the engine/transmission assembly and the axle
assembly. A small amount of such relative axial movement
frequently occurs when the vehicle 1s operated. To address
this, it 1s known to provide one or more slip yoke assemblies
in the drive train assembly. A typical slip yoke assembly
includes first and second splined members that are con-
nected to respective components of the drive train assembly.
The splined members provide a rotational driving connec-
fion transmitting torque from one torque from one compo-
nent of the drive train assembly to another, while permitting
a limited amount of axial movement between the compo-
nents. In some 1nstances, the first splined member may be
provided on the end of a yoke connected to a universal joint
assembly, while the second splined member may be con-
nected to a driveshaft section of the drive train assembly.

As 1s well known 1n the art, most slip yoke assemblies are
provided with sealing structures to prevent the entry of dirt,
water, and other contaminants into the region where the
splined members engage one another. Such contaminants
can adversely affect the operation of the slip yoke assembly
and cause premature failure. A number of sealing structures
are known 1n the art for use with conventional slip yoke
assemblies. Both exterior and interior sealing structures are
typically be provided to fully protect the region where the
splined members engage one another. Exterior sealing struc-
tures are disposed about the exterior of the slip yoke
assembly and prevent contaminants from entering into this
region from the exterior environment. Interior sealing struc-
tures are disposed within the slip yoke assembly and prevent
contaminants from entering into this region through the
hollow yokes or driveshait sections connected to the splined
members.

A typical exterior sealing structure for a slip yoke assem-
bly 1s a boot that 1s formed having a series of convolutions
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of flexible material. One end of the boot 1s connected to the
shaft of the slip yoke, while the other end of the boot is
connected to the exterior of the corresponding slip shait. The
convolutions in the boot give it the ability to expand as
necessary to accommodate the relative axial movement

between the slip yoke and the slip shaft. The flexible boot
usually has an annular groove molded 1nto each end of the
boot to receive an annular clamping band for securely
engaging the boot with the slip yoke and slip shaft. Although
the annular groove 1s provided for positively seating the
band clamp, the band clamp 1s often difficult to install
properly on the boot during assembly of the slip yoke
assembly. Thus, 1t would be advantageous if there could be
developed an improved structure for such a tlexible boot that
would facilitate the proper installation of the boot and band
clamp.

SUMMARY OF THE INVENTION

This 1nvention relates to an improved structure for a
protective boot, wherein the boot includes a flexible, gen-
crally cylindrical main body and at least one generally
cylindrical clamping end having a plurality of loops spaced
circumferentially about the clamping end. The loops are
shaped to receive a band clamp and retain the band clamp in
position with respect to the clamping end, thereby making 1t
casier to assemble the boot on the object to be protected. The
clamping end may have a groove for receiving the band
clamp, with the loops comprising generally flat webs bridg-
ing the groove and spaced circumierentially about the
clamping end. In another embodiment of the mnvention, there
1s provided a torque transmitting device including a first
drive member and a second drive member both mounted for
rotation about a common axis. One of the drive members 1s
axially movable with respect to the other, and the two drive
members are engaged with each other for transmitting
torque from one drive member to the other. A boot having a
flexible, generally cylindrical main body and a generally
cylindrical first clamping end 1s positioned about one of the
drive members. The first clamping end has a plurality of
loops spaced circumferentially about the first clamping end.
The loops are shaped to receive a band clamp and to retain
the band clamp 1n position with respect to the first clamping
end. In yet another embodiment of the invention there is
provided a slip yoke assembly for a vehicle drive train
assembly. The slip yoke assembly includes a yoke shaft
having an externally splined shaft portion, and a slip shaft
having a hollow internally splined portion disposed
co-axially about the shaft portion of the yoke shaft. The yoke
shaft and the slip shaft are axially movable with respect to
cach other and are engaged with each other for transmitting
torque from one to the other. Two band clamps, and a boot
are provided. The boot has a first clamping end positioned
about the yoke shaft and a second clamping end positioned
about the slip shaft. The first clamping end has a plurality of
loops spaced circumierentially about the first clamping end.
The loops are shaped to receive a band clamp and to retain
the band clamp 1n position with respect to the first clamping
end. The second clamping end has a plurality of loops
spaced circumferentially about the second clamping end.
The loops are shaped to receive a band clamp and to retain
the band clamp 1n position with respect to the second
clamping end.

Various objects and advantages of this invention will
become apparent to those skilled 1n the art from the follow-
ing detailed description of the preferred embodiments, when
read 1n light of the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side elevational view of a vehicle drive train
assembly including a slip yoke assembly in accordance with
this 1nvention.
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FIG. 2 1s an enlarged top plan view, partially 1n cross
section, of the slip yoke assembly 1illustrated in FIG. 1.

FIG. 3 1s a side elevational view of the boot that protec-
fively covers the slip yoke assembly illustrated in FIGS. 1

and 2.

FIG. 4 1s an enlarged sectional elevational of a first
embodiment of the clamping end and band clamp of the boot

illustrated 1n FIG. 3.
FIG. § 1s an enlarged sectional elevational of a second

embodiment of the clamping end and band clamp of the boot
illustrated 1n FIG. 3.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the drawings, there 1s 1illustrated in
FIGS. 1 and 2 a drive train assembly, indicated generally at
10, for a vehicle that 1s adapted to transmit rotational power
from an engine/transmission assembly 11 to a plurality of
driven wheels (not shown). The engine/transmission assem-
bly 11 1s conventional in the art and includes an externally
splined output shaft (not shown) that is connected to a first
slip yoke assembly, indicated generally at 12. The first slip
yoke assembly 12 1s conventional in the art and includes an
internally splined tubular end portion 13 that slidably
engages the externally splined output shaft of the engine/
transmission assembly 11. As a result, the tubular end
portion 13 of the first slip yoke assembly 12 1s rotatably
driven by the output shaft of the engine/transmission assem-
bly 11, but 1s free to move axially relative to the engine/
fransmission assembly to a limited extent.

The first slip yoke assembly 12 further includes a yoke 14,
which forms one part of a first universal joint assembly,
indicated generally at 15. The first universal joint assembly
15 1s also conventional 1n the art and includes a tube yoke
16 that 1s connected to the yoke 14 by a cross in a known
manner. The tube yoke 16 1s secured, such as by welding, to
a first end of a first driveshaft section 17 for rotation. The
first universal joint assembly 15 therefore provides a rota-
fional driving connection between the output shaft of the
engine/transmission assembly 11 and the first driveshaft
section 17, while permitting a limited amount of angular
misalignment therebetween. Alternatively, the output shaft
of the engine/transmission assembly 11 may terminate 1n a
conventional end yoke (not shown) that is directly connected
to the cross of the first universal joint assembly 15.

The first driveshaft section 17 extends through and 1s
supported for rotation by a center bearing assembly, indi-
cated generally at 20. The center bearing assembly 20 1is
conventional in the art and includes a rigid frame or bracket
21 that 1s secured to a portion of a frame, chassis, or body
22 of the vehicle. The first driveshaft section 17 terminates
in a second end including an end yoke 23, which forms one
part of a second umiversal joint assembly, indicated generally
at 24. The second universal joint assembly 24 1s also
conventional 1n the art and includes a yoke shaft 25 that is
connected to the end yoke 23 by a cross 26 (see FIG. 2) in
a known manner. The second universal joint assembly 24
therefore provides a rotational driving connection between
the first driveshaft section 17 and the yoke shaft 25, while
permitting a limited amount of angular misalignment ther-
ebetween. The yoke shaft 25 1s, 1n turn, connected through
a second slip yoke assembly, indicated generally at 50, to a
first end of a second driveshatt section 27. The structure and
operation of the second slip yoke assembly 50 will be
described 1n detail below.

The second driveshaft section 27 terminates 1n a second
end having a tube yoke 30 secured thereto. The tube yoke 30
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forms one part of a third universal jomnt assembly 31. The
third universal joint assembly 31 1s also conventional 1n the
art and mncludes a tube yoke 32 that 1s connected to an 1nput
shaft 33 of an axle assembly 34 by a cross 1n a conventional
manner. The third universal joint assembly 31 therefore
provides a rotational driving connection between the second
driveshaft section 27 and the input shaft 33 of the axle

assembly 34, while permitting a limited amount of angular
misalignment between them. The axle assembly 34 1s con-
ventional 1n the art and 1s adapted to transmit rotational
power from the input shaft 33 to the driven wheels of the
vehicle 1n a known manner.

Referring now to FIG. 2, the structure of the second slip
yoke assembly 50 1s 1llustrated in detail. As shown therein,
the yoke shaft 25 includes a cylindrical shaft portion 51
having a plurality of external splines 51a formed on outer
surface thereof. A hollow cylindrical transition member 52
1s disposed co-axially about the shaft portion 51 of the yoke
shaft 25 and 1s secured to the end of the second driveshaft
section 27. The transition member 52 has a plurality of
internal splines 52a formed on 1ts mner surface, and these
internal splines 52a cooperate with the external splines 51a
formed on the shaft portion 51 of the yoke shaft 25 to
transmit torque from one member to the other. As a result,
the yoke shaft 25 1s connected to the transition member 52
for rotational driving movement, while allowing limited
relative axial movement to occur between the yoke shaft 25
and the transition member 52. The transition member 52 can
be secured to the second driveshait section 27 in any known
manner, such as by welding 53. If desired, a hollow cylin-
drical weld ring 55 may secured to the yoke shaft 25 for
rotational movement therewith. As shown in FIG. 2, the
weld ring 55 may be secured to the yoke shaft 25 by press
fitting 1t on a shoulder provided on the yoke shaft 25. The
weld ring 55§ provides an exterior surface to which one or
more balance weights 56 may be secured to rotationally
balance the slip yoke assembly 50 and, thus, the driveshaft
assembly 10 during use. It can be seen that the yoke shaft 25
can be considered to be a first drive member, and that the
second driveshaft section, which 1s a slip yoke, can be
considered to be a second drive member, with both of the
drive members being mounted for rotation about a common
axis, with one of the drive members being axially movable
with respect to the other, and with the two drive members
being engaged with each other for transmitting torque from
one drive member to the other.

A sleeve cup, indicated generally at 60, may be provided
as a first interior seal structure to seal the splined connection
between the transition member 52 and the shaft portion 51
of the yoke shaft 25. As shown 1n FIG. 2, the sleeve cup 60
includes a circular body portion 61 having a relatively short,
axially extending flange portion 62. The circular body

portion 61 of the sleeve cup 60 extends over the open end of
the transition member 52, thereby preventing dirt, water, and
other contaminants from entering 1nto the splined connec-
tion between the transition member 52 and the shaft portion
51 of the yoke shaft 25 through the interior of the second
driveshaft section 27. A central opening 61a may be formed
through the circular body portion 61 of the to sleeve cup 60.
The central opening 6la functions as a vent to prevent
trapped air within the region of the splined connection
between the transition member 52 and the shaft portion 51
of the yoke shaft 25 from causing ballooning of the flexible
boot 64 when relative axial movement occurs.

The flange portion 62 of the sleeve cup 60 1s retained
within the slip yoke assembly 10 by frictional engagement
between the mnner cylindrical surface of the second drive-
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shaft section 27 and the outer cylindrical surface of the
transition member 52. The sleeve cup 60 can be installed by
initially disposing it about the end of the transition member
52, then moving the second driveshaft section 27 axially
over the top of 1t. Once the second driveshaft section 27 1s
secured to the transition member 52, the sleeve cup 60 will
be permanently retained on the transition member. In this
manner, the sleeve cup 60 can be quickly and easily installed
without the use of special tools or other mounting structures.

A plug 63 may also be provided as a second interior seal
structure to seal the splined connection between the transi-
tion member 52 and the shaft portion 51 of the yoke shaft 285.
As shown 1n FIG. 2, the plug 63 1s conventional in the art
and 1s generally cup-shaped. The plug 63 1s press fit to the
open end of the shaft portion 51 of the yoke shaft 25 to
prevent dirt, water, and other contaminants from entering,
into the splined connection between the transition member
52 and the shaft portion 51 of the yoke shaft 25 through the
interior of the yoke shaft 235.

A boot, indicated generally at 64, 1s provided as an
exterior seal structure to seal the splined connection between
the transition member 52 and the shaft portion 51 of the yoke
shaft 25. The boot 64 1s preferably formed from a flexible
material, such as a conventional elastomeric material, and 1S
shaped having a plurality of convolutions or corrugations. A
variety of materials are well known 1n the art for forming the
boot 64. A first clamping end, indicated generally at 66, of
the flexible boot 64 1s secured to the weld ring 55 by a first
conventional clamping mechanism, such as by a first band
clamp 68. Similarly, a second clamping end, indicated
ogenerally at 70, of the flexible boot 64 is secured to the
transition member 52 by a second conventional clamping
mechanism, such as by a second band clamp 68. The boot 64
prevents dirt, water, and other contaminants from entering,
into the splined connection between the transition member
52 and the shaft portion 51 of the yoke shaft 25. During use,
the yoke shaft 25 may move axially relative to the second
driveshaft section 27. When such relative axial movement
occurs, the boot 64 will expand and contract axially to
accommodate such movement, while continuing to provide
the desired sealing action. The band clamps 68 are intended
fo be representative of any mechanism that can retain the
clamping ends 66 and 70 of the boot 64 to another structure.

As mentioned above, the weld ring 55 defines a relatively
small annular space about the transition member 52.
Typically, a quantity of lubricant 1s mjected into the region
of the splined connection between the transition member 52
and the shaft portion 51 of the yoke shaft 25 to facilitate
relative axial movement. Any lubricant that escapes from the
region of the splined connection will be trapped in the
annular space defined between the weld ring 55 and the
fransition member 52. The retention of lubricant in this
annular space 1s desirable because 1t reduces the amount of
lubricant that would otherwise move into the region of the
flexible boot 64. The accumulation of lubricant 1n the region
of the flexible boot 64 i1s undesirable because 1t can cause
ballooning of the flexible boot 64 when rotated at high
speeds.

Referring specifically to FIG. 3, it can be seen that the
boot 64 includes a main body portion, indicated generally at
72 extending between the first and second clamping ends 66
and 70. The main body portion 72 1s provided with a
plurality of convolutions 74 that enable the boot 64 to be
compressed and expanded in the axial direction as the yoke
shaft 25 and the slip yoke 27 move axially relative to one
another. As best shown 1n FIG. 4, the first clamping end 66
of the boot 64 includes an inner annular ridge 76 that is
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formed adjacent to the convolutions 74 and an outer annular
ridge 78 that 1s formed adjacent to, but spaced apart from,
the 1nner annular ridge 76. Between the 1inner annular ridge
76 and the outer annular ridge 78, a groove 80 1s defined that
extends circumierentially around the first clamping end 66
of the boot 64. The purpose of the groove 80 1s to recerve and
retain the relatively flat band clamp 68 therein. The band
clamp 68 is provided with a tightening mechanism (not
shown) that enables it to be tightened about the first clamp-
ing end 66 to secure the boot 64 to the yoke shaft 25. Band
clamp tightening mechanisms of this general type are well

known 1n the art.

The first clamping end 66 1s provided with at least one
(and preferably a is plurality) of loops, indicated generally
at 84, that are spaced circumierentially about the first
clamping end 66 and extend over the groove 80 between the
inner annular ridge 76 and the outer annular ridge 78. The
loops 84 are provided to secure the band clamp 68 to the first
clamping end 66 of the boot 64 when the band clamp 68 1s
not tightened thereabout, as described above. By securing
the band clamp 68 to the first clamping end 66, the bland
clamp 68 will not fall off or become misaligned prior to or
during the installation of the boot 64 onto the slip yoke
assembly 50. This improvement will increase the production
cficiency mvolved with putting together the slip yoke
assembly 50 and will improve the product quality of the
finished assembly. As shown 1n FIG. 3, the second clamping
end 70 of the boot 64 1s also provided with similar ridges 76
and 78, a groove 80, and a plurality of loops 84 to secure the
boot 64 to the slip yoke 27.

FIG. 4 1llustrates a first structure for the loops 84. As
shown therein, the loops 84 are formed as generally flat
webs 86 bridging the groove 80, with the webs 86 being
spaced circumierentially about the first clamping end 66. As
can be seen 1n FIG. 4, the loops 84 are generally flat and
having a generally rectangular cross-sectional shape.
However, the loops 84 may be formed having any desired
shape, and any desired number of such loops 84 may be
provided. Furthermore, the loops 84 need not extend com-
pletely across the groove 80, but rather may extend only
partially across 1f desired. In a preferred embodiment of the
invention, the loops 84 cover an amount within the range of
from about five percent to about thirty percent of the
circumferential length of the annular groove 80. The loops
84 can be formed from the same flexible, elastomeric
material as the material of the boot 64. Alternatively, the
loops 86 may be made of any other desired material that 1s
suitable for retaining the band clamps 68 in the grooves 80,
such as steel, for example.

If the boot 64 1s made of a moldable material, such as a
polymeric material, the loops 84 can be integrally molded
from the same materital when the boot 64 1s molded.
Alternatively, the loops 84 can be formed as separate pieces
that are secured to the boot 64, such as shown 1n FIG. 4. For
example, the loops 84 may be adhered to the boot 64 with
an adhesive. Regardless, 1t can be seen that the loops 84 will
retain the band clamp 68 in position with respect to the first
clamping end 66 to facilitate securing the boot 64 to the yoke

shaft 25.

During assembly or construction of the slip yoke assem-
bly 50 for a vehicle drive train assembly, the first clamping
end 66 of the boot 64 1s positioned about the yoke shaft 25
and the second clamping end 70 1s positioned about the slip
yoke 27. A pair of band clamps 68 1s held 1n place 1n the
orooves 80 of the first and second clamping ends 66, 70 by
a plurality of loops 84 spaced circumierentially about the
first and second clamping ends. The loops 84 are shaped to
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receive the band clamps 68 and to retain the band clamps 1n
position with respect to the first and second clamping ends
66, 70. After the boot and band clamps are in place, the
clamps are tightened to secure the boot to the slip yoke
assembly.

In a second embodiment of the mmvention shown in FIG.
S5, the first clamping end 66 of the boot 64 is not formed
having the annular ridges 76 and 78 or the groove 80. Rather,
a modified first clamping end 66' of the boot 64 has a
relatively flat annular surface 88 extending from the convo-
lutions 74. In this embodiment, modified loops 84' are
provided above the surface 88 of the first clamping end 66.
The modified loops 84" are formed by a plurality of circum-
ferentially spaced apart web structures, indicated generally
at 90. Each of the web structures 90 includes a cross web 92
and a pair of side walls 94. As discussed above, such
modified loops 84' can be formed 1ntegrally with the boot 64
or can be formed separately and secured thereto. The modi-
fied loops 84' retain the band clamp 68 on the first clamping
end 66' of the boot 64 1n the manner described above,
without the use of an annular groove 80.

Although the boot 64 of the invention i1s shown as
installed on a yoke shaft assembly 50, 1t 1s to be understood
that the boot 64 can be used to protect numerous other
objects. The boot 64 acts as an external protective device to
prevent contamination of the object to be protected by such
external substances as water, dirt and other contaminants.

In accordance with the provisions of the patent statutes,
the principle and mode of operation of this mmvention have
been explained arid 1llustrated 1n its preferred embodiment.
However, 1t must be understood that this invention may be
practiced otherwise than as specifically explained and 1llus-
trated without departing from 1ts spirit or scope.
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What 1s claimed 1s:
1. A protective boot assembly comprising:

a hollow, generally cylindrical boot including a body

portion having at least one convolution formed therein
and 1ncluding first and second clamping ends extending,
from said body portion, said first clamping end having,
first and second ridges formed therein that define a
ogroove therebetween and a web extending over said
oroove completely between said first and second
ridges, wherein said body portion, said first and second
clamping ends, and said first and second ridges are
formed from a single piece of an elastomeric material;
and

clamping mechanism disposed 1 said groove and
retained 1n said groove by said web.

. A protective boot assembly comprising;:

a hollow, generally cylindrical boot including a body

portion having at least one convolution formed therein
and 1ncluding first and second clamping ends extending,
from said body portion, said first clamping end having,
first and second ridges formed therein that define a
oroove therebetween and a web extending over said
oroove completely between said first and second
ridges, wherein said body portion, said first and second
clamping ends, said first and second ridges, and said
web are formed from a single piece of an elastomeric
material; and

clamping mechanism disposed 1 said groove and
retained 1n said groove by said web.
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